HELEN B. TAUSSIG, M.D. In Ebstein's anomaly the tricuspid valve is displaced (lowtiinard so that the upper portion of the right ventricle is incorporated in the iight auricle. This imipairs the efficiency of the right side of the heart and produces a distinctive syndrome, which is (lescribed here for the first time. Diagnosis is important because this malformation, which is not amenable to surgery, may be confused with the tetralogy of Fallot. E3BSTEJN in 18661 first described a (ongenital malformation of the tricuspid valve in which the leaflets are fused into a membranous structure, which extends like a basket down into the cavity of the right ventricle and separates the ventricle into a proximal and a distal chamber. The proximal portion is continuous with the right auricle, and the distal portion, which functions as the right ventricle, includes the outflow tract of the right ventricle.
Often the valve leaflets are completely fused with the ventricular endocardium over large areas so that it is difficult to identify the individual cusps with certainty. Trhe anterior leaf is usually the largest, the posterior leaf usually the most malformed. Sometimes the origin of the valve leaflets posteriorly appears displaced downward from the normal site at the annulus fibrosus toward the apex of the right ventricle. M\edial to the anterior leaflet there is an opening into the functional portion of the right ventricle. The right ventricle above the valve is exceedingly thin-walled. The foramen ovale in most of the cases is anatomically and functionally patent. University. only at postmortem examination. Yater and Shapiro12 in their reviews in 1937 stated that "it would appear impossible to make the diagnosis during life." We have recently studied three patients with Ebstein's malformation of the heart and have re-examined the case previously reported by Taussig.'9 Although the correct diagnosis was not made during life, an analysis of these cases has revealed several features of this malformation which are sufficiently characteristic to permit clinical diagnosis.
ENGLE, PAYNE, BRUINS, AND TAUSSIG
When she was 7 years 0(ld, she was taken to the family physician for a routine examination. He found that her heart was enlarged (cardiothoracie ratio of 68 per cent) and, although she was asymptomatic, thought that she had acute rheumatic fever. She was put to bed and given salicylates for three weeks; after three months she was allowed to get up.
At the age of 8 years cyanosis occurred after exertion, and she felt tired and weak. She was examined by one of us (H. B. T.), who found a greatly enlarged heart with a rough systolic and diastolic murmur which simulated a pericardial friction rub. Teleoroentgenogram of the chest showed an increase in the cardiothoracie ratio to 75 per cent. The diagnosis was made of pericarditis superimposed on a congenital malformation of the heart. A period of bed rest with salicylates and sodium bicarbonate medication was advised.
Thereafter the patient's cyanosis increased progressively, and by the age of 9 years cyanosis was constantly present. Dyspnea was never a striking feature. She could walk four blocks very slowly before becoming tired, but she did not squat to rest. She seemed exhausted much of the time. She was given digitalis for a month without improvement; therefore, digitalis was discontinued. Four weeks before her visit to the clinic, she had a brief "fainting spell" during which she became unconscious, (fig. 4) ; in some l)laces it measured not more than 2 nmm. in thickness.
M\icroscopically the muscle fibers were normal in appearance but were redu cod in number.. Irrezjulari muscle trabeculae arose from the right ventricle in the region where the valve leaflet blended with the septal endocardium. Below the displaced valve the myocardium of the right ventricle was 5 mm. in thickness and microscopically was normal. The pulmonary valve was normal; the valve ring measured 4.5 cm. in circumference. The pulmonary artery was normal in size. The ductus arteriosus was closed. The ventricular septum was intact. The left auricle, the mitral and aortic valves, and the aorta were normal. The left ventricle was slightly hypertrophied; its wall measured 9 mm. in thickness. The coronary arteries were grossly normal, but microscopically moderate sclerosis was seen. There was moderate chronic passive congestion of the liver and pancreas. 5 ). The electrocardiogram showed first degree heart block and right bundle branch block. The P waves were high and peaked. The hemoglobin level was 27.5 Gm., and the red blood cell count was 8.55 million per cu. mm. An arterial blood sample obtained when the patient was crying revealed an oxygen content of 8.75 volumes per cent, an oxygen capacity of 28.2 volumes per cent, and an arterial oxygen saturation of 31 per cent. The carbon dioxide content was 34.8 volumes per cent.
Clinical Impression: The patient had a malformation which caused inadequate pulmonary blood flow, but the nature of this malformation was not clear. Course: Because of the enlarged heart and liver, the patient was given digitalis. While on this medication, his liver decreased slightly in size, his cyanosis lessened, and his exercise tolerance increased so that by the age of 5 years he could walk four blocks slowly and climb one flight of stairs. His heart, however, continued to enlarge. The cardiothoracic ratio in January, 1947, measured 68 per cent. The heart sounds remained faint; the gallop rhythm and systolic murmur peristed. His blood pressure was 98/84 mm. of Hg. The arm-to-lips circulation time determined with fluorescein was 12 seconds. (The upper limits of normal for his size is 9 seconds.) In January, 1948, at the age of 5 years, he returned for additional diagnostic studies.
Angiocardiogram in the anteroposterior view
showed that the contrast medium entered through the superior vena cava into the large right auricle and then dispersed throughout the entire heart. The contrast medium extended almost to the margins of the cardiac silhouette, indicating that the walls were thin. The Diodrast lingered for an abnormally long time in the right side of the heart. Januarv 12, 1948 an anastomosis was pelfolme(l between the end of the right subclavian ai.tery and the side of the right pulmonai'y a'te'y. Th'ee times during the opetation the heart stopped beating; shortly after the chest was closed, the heart again stopped and could not be revived. able to run and play until the age of 3 years. At this time the cyanosis reappeared; it was variable at first but gradually became constant. From the age of 6 years she received digitalis for "rapid heart action." Her exercise capacity became progressively more increased, she developed the habit of occasionally squatting to rest.
Physical Examination: Temperature 37 C.; pulse 100 per minute; respirations 24 per minute. She was a moderately well developed and well nourished girl with a severe S-shaped dorso-lumbar scoliosis and marked chest deformity. Cyanosis was moderately intense. There was slight clubbing of the fingers afnd toes. The heart was enlarged. The point of maximal impulse was beyond the posterior axillaryline. The first heart sound was obliterated by a loud, rasping, systolic murmur which was audible all over the precordium. It was especially well heard in the second intercostal space at the left sternal border, in the fourth and fifth intercostal spaces, and in the posterior axillary line. The liver was palpable at the costal margin but was not pulsating. There was no edema. The remainder of the examination was negative. .and fluoroscopy revealedl a tr emenidously enlarged heart which filled the left chest ( fig. 9 ). There was an abrupt angulation at the base and an absence of fullness in the pulmonary conus region. The Venous blood is returned in the normal fashion to the right auricle. Auricular systole directs the blood through the proximal portion of the right ventricle, which is in free communication with the right auricle. The direction of the blood through the malformed tricuspid valve into the distal portion of the right ventricle is, however, difficult. The effectiveness of the auricular contraction is lessened by the dilated upper part of the right ventricle, which during auricular systole is in diastole. The tricuspid orifice is relatively small and, furthermore, the distal chamber is too small to receive all the blood from the large proximal chamber. Consequently, the upper chamber is unable to empty itself completely. Although the expulsion of blood may at first be relatively adequate, gradually the volume of blood remaining in this chamber increases. It follows that the ability of the chamber to empty itself progressively lessens. This chamber gradually enlarges, and the pressure increases. The greater the proportion of the right ventricle above the tricuspid valve, the smaller is the distal chamber; as a consequence, the greater is the difficulty of the proximal chamber in propelling blood forward, and the greater is its enlarge- During ventricular systole the misplaced tricuspid leaflets close the opening between the lower and upper chambers, and the distal chamber sends the blood to the lungs. Inasmuch as the volume of blood contained in the lower chamber is less than normal, the lungs receive an inadequate supply of blood for oxygenation.
The pulmonary circulation is further diminished by the shunt through the foramen ovale. Although the musculature of the "auricularized" right ventricle is thin and cannot exert much force, it seems probable that it too contracts during ventricular systole and sends the blood against the closed tricuspid valve, against the walls of the auricle, and possibly through the foramen ovale to the left auricle.
The venous blood shunted from the right auricle to the left auricle is mixed with the fully oxygenated blood which is returned from the lungs to the left auricle. This admixture of venous and arterial blood reaches the systemic circulation via the left ventricle and the aorta, and when the venous-arterial shunt is of sufficiently large volume, cyanosis results. If the foramen ovale is closed and there is no defect of the auricular septum, there is no right-to-left shunt; consequently, there is no cyanosis. Under such circumstances the course of the circulation, except for the delay in expulsion of blood from the proximal chamber, is normal.
An analysis of these cases and of those in the literature bears out the theory that the presence or absence of cyanosis is related to the structure of the auricular septum. The foramen ovale was patent in fifteen1' 1-5, 7, 11-15, 18 of the 22 cases reported. Cyanosis was present in all 11 of these 15 cases in which clinical information was given. Another patient who was cyanotic had a gross defect in the auricular septum; this would similarly permit a right-to-left shunt.10 One patient had only probe patency of the foramen ovale and was not cyanoti(.l'
In 3 patients the foramen ovale was close(l. In one of these9 there was no cyanosis. In the second' cyanosis was noted only "at times" on the third day before death and was associated with terminal heart failure. In the third7 no clinical history was given. In the remaining 2 cases6' 17 there was no information given concerning cyanosis or the structure of the foramen ovale. In each of our cases the foramen ovale was patent and all 3 patients showed persistent cyanosis. In the case reported by Taussig,19 although the foramen ovale was patent, the patient became cyanotic only during the periods of paroxysmal tachycardia and terminally when in heart failure. In this case it is noteworthy that there was less disproportion between the sizes of the chambers proximal and distal to the malformed tricuspid valve than in the preceding three cases, and consequently the pressure in the right auricle was in all probability but slightly increased.
The malformation may be compatible with life for varying lengths of time. Marxsen's patient lived to be 61 years old,2 and Malan's lived to the age of 60 years.6 On the other hand, one child lived for only eight months,'5 and several others4' 7 died in early childhood. The average age at death was 24 years. The variation in longevity and also in symptomatology is in all probability due to the relative proportions of the right ventricle above and below the anomalous tricuspid valve. If the distal chamber is approximately of normal size, the alteration of the course of circulation is slight, and the symptoms are correspondingly few. On the contrary, when the tricuspid valve is displaced so far downward into the cavity of the right ventricle that the distal chamber is much reduced in size and the greater portion of the right ventricle is proximal to the valve, then the right heart becomes extremely inefficient. Under such conditions the cardiac enlargement is great and progressive, symptoms appear at an early age, and the duration of life is relatively short.
The clinical and laboratory findings in patients with Ebstein's anomaly of the tricuspid valve are explicable on the basis of the altered function of the right side of the heart. The delay in the onset of the cyanosis is dependent on the physiologic closure of the foramen ovale shortly after birth. A right-to-left shunt is thus prevented until the pressure in the right auricle has increased to the level where the foramen ovale is forced open. Thereafter, when a sufficient volume of unoxygenated blood is shunted into the systemic circulation, cyanosis becomes apparent. The tremendous cardiac enlargement is the result of the difficulty in the expulsion of blood from the right auricle. The muffled quality of the heart sounds and the gallop rhythm doubtless reflect the poor functioning of the dilated right side of the heart. The origin of the murmurs, however, is not clear. There are a number of possible factors. The systolic murmur may have been caused by the passage of blood from the right to the left auricle and perhaps also by the regurgitation of a small amount of blood from the lower to the upper chamber through the fenestrations in the malformed valve. The loud systolic murmur heard posteriorly in Case 1 was possibly caused by blood coursing over the enlarged moderator band. The diastolic murmur noted in addition to the systolic murmur in Case 1 and in some of the previously reported cases" 2, 5, 10, 16 may have been associated with the abnormal currents of blood within the chamber proximal to the malformed valve as with each cardiac cycle the auricular and the ventricular portions contracted independently.
There was electrocardiographic evidence of prolonged auriculoventricular conduction time in all 3 patients, and in 2 there was a right bundle branch block. In Case 3 there was right axis deviation and evidence of delayed intraventricular conduction suggesting a right bundle branch block. Unipolar precordial leads were not obtained on this patient; hence, no definite statement can be made as to the presence or absence of a bundle branch block. In each of the 3 cases12' 18, 19 recorded in the literature in which electrocardiograms were illustrated, there appeared to be prolongation of auriculoventricular and intraventricular conduction time. Bauer's patient'6 had a right bundle branch block. Conduction defects are not surprising in view of the tremendous dilatation and thinning of the right auricle and proximal portion of the right ventricle.
The abnormally long circulation time is due to the delay in the expulsion of blood from the large upper chamber. This causes the test solution to linger there before it circulates through the lungs and then reaches the systemic circulation. Although the foramen oval be patent, it has been our clinical experience that rarely is sufficient test material shunted from right to left to give a short circulation time.
The fluoroscopic findings of abnormally clear lung fields and absence of pulsations of the pulmonary arteries are caused by the reduced pulmonary blood flow. It seems reasonable to believe that weak pulsations of the right heart are characteristic of this malformation and will he found, if The findings on angiocardiography reflect the inefficient action of the right heart and the patency of the foramen ovale. The D)iodrast was pooled for an abnormally long time in the large proximal chamber. Although the dye which reached the functioning portion of the right ventricle w-as promptly expelled into the lungs, the lungs never opacified normally because only a small amount of contrast medium was delivered by each ventricular contraction. The concentration of 1)iodrast in the aorta after some of the dye had been shunted through the foramen ovale from the right auricle into the left was much less dense than that seen with early visualization of an overriding aorta such as occurs in the tetralogy of Fallot. ' The catheterization findings of a reduced pulmonary blood flow and a right-to-left shunt are due to the shunting of unoxygenated blood away from the lungs through the patent foramen ovale into the left side of the heart. Although safely performed in one of our patients (Case 2) we feel that cardiac catheterization in patients with Ebstein's anomaly is not, without danger. Because of the common occurrence of conduction disturbances, there is the possibility of initiating an arrhythmia which might prove fatal. Furthermore, there is the theoretical danger of entangling the catheter in the delicate, basket-like membrane or its fenestrations. Finally, it is conceivable that the catheter might perforate the exceedingly thin-walled ventricular portion of the upper chamber, especially in a patient with a localized aneurysmal dilatation.
THE CLINICAL SYNDROME The correlation of these clinical, laboratory, and pathological findings reveals that a distincit picture is produced when Ebstein's malformation of the tricuspid valve is combined with patency of the foramen ovale or with a gross defect in the auricular septum.
History: The onset of cyanosis is usually delayed. If present at birth, the cyanosis promptly lessens or disappears but returns at a later age. It is transient at first and insidiously becomes persistent. The cyanosis is more marked than the dyspnea, which is quite mild. There is easy fatigability. Although the patients tire quickly and often have to stop to rest, squatting is not a common habit.
Physical Findings: Outstanding features, in a(l(lition to the cyanosis and slight clubbing, are the enlarged heart, the left-sided chest deformity, the distant or muffled heart sounds, an(l often a gallop rhythm. There is a systolic murmur maximal at the left sternal border in the third intercostal space but aut(lible all over the precordium. There may also be a diastolic murmur over the sternum, which may give the impression of a friction rub. Angiocardiogram shows a large right auricle and then an early but less dense concentration of the contrast medium in the right ventricle. The entire cardiac shadow visible in the anterior-posterior view appears to be formed by the right auricle and the right ventricle. The contrast medium extends nearly to the margin of the cardiac silhouette, indicating that the chambers are quite thin-walled. The Diodrast lingers for several seconds in the right auricle and the "auricularized" right ventricle, whereas the dye is quickly expelled from the functioning right ventricle into the pulmonary arteries. The opacification of the lungs is less than normal. A small amount of the contrast medium may be seen to pass from the right auricle into the left auricle, the left ventricle, and into the aorta. Cardiac catheterization shows a reduced pulmonary blood flow and an overall right-to-left shunt between the auricles. The pressure in the right ventricle distal to the valve is within normal limits.
Differential Diagnosis: This malformation is to be differentiated from other conditions in which there is cyanosis and an inadequate pulmonary blood flow. The most important malformations from which to differentiate it are the tetralogy of Fallot and valvular pulmonary stenosis.
The chief features which differentiate this malformation from the tetralogy of Fallot are the delayed onset of cyanosis, the absence of paroxysmal dyspnea and of squatting to rest, the cardiac enlargement, the diastolic murmur, the long circulation time, the electrocardiographic evidence of first degree heart block and of bundle branch block, and finally the angiocardiographic evidence of the enormous size and slow emptying of the right auricle.
Ebstein's malformation may even more closely resemble an isolated valvular pulmonic stenosis with patency of the foramen ovale and no defect in the ventricular septum than it does a tetralogy of Fallot. In a subsequent publication22 the clinical and laboratory findings of this type of pulmonic stenosis will be presented and the differential diagnosis discussed.
SUMMARY
The clinical, laboratory, and pathologic findings in 3 cases of Ebstein's anomaly of the heart have been presented. This brings the total number of cases in the literature to 26. A correlation of the findings in the cases discussed in this paper and of those collected from the literature has demonstrated that this malformation is sufficiently characteristic to constitute a clinical syndrome which may be correctly diagnosed during life.
In this malformation the displaced tricuspid valve divides the right ventricle into two parts and thereby causes the proximal portion to be continuous with the cavity of the right auricle. The anomalous valve is so arranged, however, that it is competent. The myocardium of the right ventricle proximal to the malformed tricuspid valve is congenitally thin. The primary effect of the anomaly is to reduce the efficiency of the right heart. As the upper chamber cannot empty itself completely, it enlarges progressively. If the foramen ovale is incompletely sealed, it is opened, and venous blood is shunted from the right auricle into the left auricle and thence into the systemic circulation. The lower chamber, which receives less than the normal volume of blood, delivers an inadequate amount of blood to the lungs for oxygenation.
The outstanding clinical manifestations ale the delayed and insidious onset of cyanosis, which is out of proportion to the mild dyspnea; the easy fatigability, and the infrequency of squatting to rest w-hen tired. Physical examination shows excessive right heart enlargement, poor' heart sounds usually associated only with a systolic murmur but sometimes also with a diastolic murmur and often with a gallop rhythm, and absence of signs of tricuspid insufficiency. The chief laboratory findings are the x-ray evidence of progressive cardiac enlargement and a concave pulmonary conus region and abnormally (clear lung fields, the fluoroscopic visualization of diminished pulsations of the right side of the heart and absence of pulsations in the pulmonary arteries, the electrocardiographic signs of delayed A-V con-(uction and of right bundle branch block, the prolonged circulation time, the oxygen unsatu-
